Introduction
Snacks made with minced fish (MF) are known worldwide as fish crackers (Food and Agriculture Organization, 2001 ) and are widely consumed in Asian countries including Malaysia, Indonesia, Thailand, and Vietnam (Nurul et al., 2009; Taewee, 2011) . It is an appetizer made from starch (cassava, potato, corn, rice, tapioca, wheat, sago or beans) mixed with MF (Nurul et al., 2009 ).
Most of the fish snack production is still homemade, but over the last decade, companies have invested in technology to increase production and improve quality (Nurul et al., 2001; Taewee, 2011) . There are several types and formulations of snacks; the main difference is the MF/starch ratio (Siaw et al., 1985) . Furthermore, MF from various types of fish can be used together with seasonings, salt, and sugar to produce different snacks. (Nurul et al., 2001) .
Starch is the main ingredient responsible for the expansion and crispness of snacks (Taewee, 2011) . However, the MF may inhibit starch gelatinization, thus reducing the product expansion (Dehghan-Shoar et al., 2010) . Therefore, it is important to determine the optimal of MF/starch ratio to produce fish snacks with better physicochemical and sensory characteristics.
Nile tilapia is the main freshwater fish cultivated in Brazil (Brasil, 2011) . The tilapia fillet (main form of processing) yield is between 30-35%, thus generating around 70% of waste. A portion of this waste can be used to obtain minced fish using a meat/bone separator, and the resulting product can be used as meat raw material to prepare a wide variety of products (Oliveira Filho et al., 2010) . MF from marine fish has been used to produce snack fish, such as soldier croaker (Johnius soldado) (Kyaw et al., 2001) , bigeye grunt (Brachydeuterus auritus) (King, 2002) snapper (Lutjanus spp), giant snakedead (Ophiocephalus micropeltes), hake (Merluccius gayi) (Rado et al., 1989) , cod (Gadus morhua) (Shaltout, 1993; Cheow et al., 1999) and Siena spp (Cheow & Yu, 1997) . However, studies on the use of MF from tilapia as raw material for snack preparation are not available in literature.
The aim of this study was to produce fish snacks containing different levels (20, 30 and 40%) of MF obtained from Nile tilapia processing waste and evaluate their physicochemical characteristics and sensory acceptance.
Materials and methods
A total of 150 kg carcasses of Nile tilapia (Oreochromis niloticus) were cleaned according to good manufacturing practices and then processed in a meat/bone separator with endless worm gear (HT 250, Chapecó, Santa Catarina, Brazil) . The minced fish with approximately 59% yield was mixed manually with 0.5% antioxidant (Doremus Alimentos Ltda, Guarulhos, São Paulo, Brazil). Subsequently, 500g of MF were packaged in plastic bags and frozen in a ultrafast plate freezer (UCE -20 Eco, São Paulo, São Paulo, Brazil) for about 90 min until the internal temperature reached -40 °C and stored at -18 °C until the snack preparation (approximately one month).
Three treatments with different MF/starch ratios were evaluated: 20% MF and 80% starch; 30% MF and 70% starch; and 40% MF and 60% starch. The starch source was a mixture of 60% sour starch and 40% corn flour. For all treatments, 2% salt was added. The formulations were calculated to obtain 7 kg of snack in each treatment. The water content was standardized as 60% in the formulation with the lowest level of MF inclusion (20% MF). For the other formulations, water content was Water activity was determined in triplicate in an Aqualab CX-2 (Decagon Devices, Pullman, USA) at 25 ± 1 °C using 10g of non-fried snacks for each treatment, which were prehomogenized in a food processor. Texture analysis was carried out on 25 fried snacks for each treatment using a texture analyzer (TA-XT2i, Stable Micro Systems, Godalming, UK), which was previously calibrated with a 5kg calibration weight. The snacks were compressed by a probe blade with knife (HDP / BSK), using pre-test speed and post-test speed of 10 mms -1 and distance of 15 mm. Hardness (g. distance -1 ) was assessed using the Exponent Lite Express software (4.0.13.0). Oil absorption was evaluated in 10 samples for each treatment. The snacks were weighted individually using an analytical balance (BEL Engineering Mark 210A, Belo Horizonte, Minas Gerais, Brazil) before and after frying in soybean oil at 200 °C. The samples were dried at 100 °C for 24 hours (Nurul et al., 2009) , and the percentage of oil absorption was calculated (Equation 1).
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Results and discussion
Increasing the amount of minced fish in the dough prior to processing increased the moisture content (from 49.1 to 53.90%, P <0.001), crude protein (from 3.25 to 4.37%, P <0.05), and fat content (from 1.39 to 3.00%, P <0.01). On the other hand, ash content did not change, with values ranging from 1.44 to 1.82% (p> 0.05) ( Table 2 ).
The moisture content of the snacks before frying decreased (P <0.01) from 9.71 to 7.46 % with the inclusion of 20 to 40% minced fish ( Figure 1a ). Considering that the formulation with 20% MF contained less water before drying; one possible explanation is that the higher moisture content after drying is related to the higher percentage of starch sources. Starch sources have higher water holding capacity compared to that of MF (Barreto & Beirão, 1999) , which could have prevented moisture adjusted according to the moisture content of the ingredients (53.79% for 30% MF, and 47.58% for 40% MF) (Table 1) .
Raw corn flour (Yoki Alimentos, Cambará, Paraná, Brazil) was mixed with water and cooked to obtain a firm and homogeneous dough. After cooling, the corn flour was manually mixed with the other ingredients: MF, salt, and sour starch. A cylindrical dough of approximately 45 g and 10 cm long without casing (or any material enclosing it) was obtained using a meat grinder coupled with a sausage stuffer equipment. The dough was cooked in water at 100 °C for 10 minutes, cooled, and dried. It was stored (7 °C) until achieving uniform drying and allow slicing. The dough was then sliced (1.5 mm thickness) using a meat slicer (Gural, São José dos Pinhais, Paraná, Brazil), and the slices were dried (Fanem, São Paulo, São Paulo, Brazil) at 55 °C for about 2 hours; 300 g of the product were cooled at room temperature, wrapped in plastic films and stored at 25 ± 0.3 °C until analysis. The snacks were deep fried in soybean oil at 200 °C for 4 seconds.
Moisture content, lipids, proteins, and minerals of the minced fish, dough, and the fried and non-fried snacks were determined in triplicate according to AOAC (Association of Official Analytical Chemistry, 1999). The carbohydrate content was estimated by subtracting total percentage of moisture, ash, protein, and lipids from 100, and the caloric value was calculated based on the coefficients of digestibility of proteins, carbohydrates, and lipids, corresponding to 4, 4, and 9 kcal/g, respectively (Instituto Adolfo Lutz, 2008).
Sixty untrained panelists of both sexes participated in the sensory evaluation to estimate the acceptance of the snacks after frying. The experimental design was a balanced complete block, in which each assessor represented one block (Meilgaard et al., 1999) . The attributes evaluated were flavor, texture, color, odor, and overall acceptance using a 9-point hedonic scale (1 -extremely dislike to 9 -extremely like). A willingness to purchase test was also conducted using a 5-point scale (1 -definitely not buy to 5 -certainly buy). Five samples of each treatment were coded and served to the assessors, using a balanced monadic serving. Sensory analysis was conducted after one week of storage, after verification of microbiological safety for Salmonella sp, Staphylococcus coagulase positive and total coliforms according to APHA (American Public Health Association, 1992) (Samonella sp and Staphylococcus coagulase positive were not detected in 25g of sample, and total coliforms was < 3.0 Most Probable Number -MPN g -1 all treatments). This study was approved by the Research Ethics Committee (Protocol # 937/2010). Means followed by the same letter in columns do not differ by Tukey's test at 5% significance level. *Mixture of ingredients without processing stages (cooking, drying, cutting, and frying). Nurul et al., 2009 Nurul et al., , 2010 Neiva et al., 2011) . This discrepancy may be due to the different formulations and types of fish used in the studies. Controlling the moisture content in snacks is necessary to optimize the quality of the resulting product (Nurul et al., 2010) . Insufficient water can lead to incomplete gelatinization of starch during the baking process (Nurul et al., 2010) , reducing the expansion. However, excessive water can also cause a reduced expansion, resulting in a thinner and less crisp snack or in very soft dough, which is difficult to cut (Nurul et al., 2010) .
The protein content of the non-fried and fried snacks increased (P <0.01) with increasing inclusion of MF (from 5.89% to 9.86% and from 5.14% to 8.78%, respectively) (Figures 1b, c) .
evaporation during the drying process. The fried snack samples had similar moisture content, ranging from 3.07 to 4.52%, and no difference was observed (P> 0.05) with the inclusion of MF. Literature suggests moisture contents varying from 8 to 14% before frying to obtain the best technological and sensory results for fish snacks (Food and Agriculture Organization, 2001; Taewee, 2011) . When comparing the snacks made with MF of tilapia, it is observed that the moisture content of the non-fried snack containing 20-30% MF reached a minimum of 8% moisture content, while the fried snack did not reach the minimum moisture content suggested by FAO for all treatments (Food and Agriculture Organization, 2001) . In other studies on fried fish snacks, great variations in moisture content are observed, ranging from 0.48 to 12% (Yu et al., 1981; King, 2002 ; other types of MF, the carbohydrate content varied from 59.74% to 78.18% (Nurul et al., 2009 (Nurul et al., , 2010 Neiva et al., 2011) , and therefore close to the values found in the present study. Snacks made mainly with starch may absorb oil during frying, which will result in a high caloric value (Martinez et al., 1997) .
The inclusion of 20 to 40% MF of Nile tilapia in the snacks decreased (P <0.01) the sensory acceptance regarding the attributes flavor, texture, overall acceptance, and willingness to purchase (Figure 2) . On the other hand, there was no significant difference (P> 0.05) in the attribute odor, with scores ranging from 6.53 to 6.80 (like moderately).
Although the formulation with 40% inclusion of MF obtained lower scores for all attributes, the score values were above 5 (neither liked -or disliked), and it was thus considered an acceptable product. This result is better than the one reported by Yu et al. (1994) , who observed that the inclusion of more than 10% MF of Nemipterus tolu in fish snacks was not accepted by the panelists.
The sensory evaluation of color showed quadratic variation with the best results in the snacks made with 30% MF (7.35 -like moderately) although this result is not relevant as compared with that of the formulation containing 20% MF (Figure 2a) . The lowest scores obtained for the color of the snacks with 40% MF (6.38 -like slightly) may be due to the darker color observed for the samples of this treatment, which was accentuated during frying. Kyaw et al. (2001) observed that the overall acceptance, texture, color, and flavor of fish snacks made with tapioca starch were not affected by temperature and cooking time (100 °C for 100 min).
The water activity (Aw) of the snacks showed quadratic increase (P <0.01) from 0.39 to 0.48 with the inclusion of 20 to 40% MF (Figure 3a) . Water activity values below 0.6 inhibit microbial growth (Franco & Landgraf, 2004) , and, consequently, the snacks of all treatments had good preservation characteristics. Snacks made with MF of marine fish also showed low water activity (0.36) (Neiva et al., 2011) . Snacks made with MF of trout (Oncorhynchus mykiss) had water activity values between 0.13 and 0.15 (Shaviklo et al., 2011) . A number of factors such as the presence of starch in the formulation and drying and frying processes can lead to low water activity of snacks. Despite of that, other chemical and enzymatic reactions can occur during storage, including lipid oxidation, altering the sensory attributes (Shaviklo et al., 2011) .
The increase in MF levels caused a quadratic increase (P <0.01) in the hardness of the snacks with some stability for the samples containing up to 30% MF, but hardness increased with the inclusion of 40% MF (Figure 3b) . The increase in hardness may have been one of the factors responsible for the lower acceptance of texture of the snacks containing 40% MF. Nurul et al. (2009) observed that increasing the amount of minced catfish (Pangasius hypophthalmus) increased the hardness of snacks.
No significant difference was observed in the oil absorption of the fried snacks (P> 0.05) with the inclusion of 20 to 40% MF of tilapia, which ranged from 110.14 to 113.48%. Oil absorption depends on the food (shape, density), oil (viscosity and type), and time and temperature of frying (Paul et al., 1997;  This increase occurred because MF contains higher protein content than that of starches, and the inclusion of higher levels of MF leads to an increase in the protein content of the product (Yu et al., 1981; King, 2002; Nurul et al., 2009 Nurul et al., , 2010 . FAO recommends that non-fried snacks should contain at least 12% crude protein (Food and Agriculture Organization, 2001) . Although the non-fried and fried snacks of the present study had protein content below the recommended value, in all treatments, the inclusion of MF provided nutritional improvement since starch is the main ingredient of snacks. To meet the protein requirements established by FAO, the inclusion of MF of tilapia in fried snacks should be approximately 45%. However, preliminary tests have proven that it was not possible to produce snacks with inclusions of up to 40% MF due to the difficulty in obtaining an easy to slice cylindrical dough. In other studies on fish fried snack, protein content varied from 13 and 21% (Yu et al., 1994; Siaw et al., 1985) , thus meeting the protein level recommended by FAO.
The fat content of the non-fried snack increased (P <0.01) from 1.13% to 3.43% with the inclusion of 20 to 40% MF, which can be due to the fat content of MF (Figure 1d ). However, after frying, fat contents were similar, and there was no difference (P> 0.05) in the fat content with the inclusion of 20 to 40% MF, with average values of 16.53 ± 3.33%. The fat contents found in the present study are higher than the values reported by Siaw et al. (1985) (from 1 to 1.6%), King (2002) (from 0.5 to 1.9%), Nurul et al. (2010) (from 0.60 to 3.38%), Nurul et al. (2009) (from 0.99 to 2.7%), and lower than the values found by Yu et al. (1994) (from 20 to 30.3%) and Neiva et al. (2011) (26.11%) . These variations may be due to changes in the fat absorbed by the snacks during frying as a result of factors such as type of meat raw material, fish species, and inclusion levels of the ingredients (Nurul et al., 2010) .
The inclusion of MF increased the ash content of both non-fried and fried snacks from 2.47% to 3.28% (P <0.01), and from 2.30% to 2.86% (P <0.01), respectively (Figures 1e, f) . The equipment used for fish mincing tends to produce meat with higher mineral matter than the meat deboned manually due to the mechanical pressure to remove the meat along the vertebrae, besides grinding some bones that can be incorporated into the flesh (Nurul et al., 2010) . The ash content of the fried snacks is similar to those found in other types of snack fish (2.7% to 5.9%) (Siaw et al., 1985; Yu et al., 1994; King, 2002; Nurul et al., 2010; Neiva et al., 2011 , which is based on 2,000 calories a day (National Research Council, 1989) . For all treatments, it was found that the consumption of a daily serving of 100 g snack is approximately one-quarter of the energy and half the carbs of the adult requirements; thus it is considered a highenergy food. A study on fried snack made with MF of marine fish had energy values similar to those of the present study (518.07 kcal.100 g 
